A vector valued interpolation scheme for a pentagon is described which is compatible with surface patches which have a rectangular domain of definition. Such a scheme could be useful in computeraided geometric design problems, where a pentagonal patch occurs within a rectangular patch framework.
Introduction
The representation of a curved surface by piecewise defined vector valued surface patches is a technique which is widely used in computeraided geometric design. Such patches usually have a rectangular domain of definition as, for example, in the theory developed by Steve Coons, see [3] and [4] . However, non-standard patches can occur within a rectangular patch framework, for example in a previous paper the authors consider the problem of constructing a surface patch with a triangular domain of definition [7] .
In this paper we turn our attention to the problem of constructing a Our pentagonal surface patch scheme is an example of a blending function interpolant, by which we mean that the interpolant matches data given everywhere on the boundary of the patch. The patch, as described later in Section 3, is a convex combination or blend of five component interpolants, each of which match given boundary curves and cross boundary slope conditions on two sides of a regular pentagon.
-2-The resulting surface patch can thus be joined with positional and slope continuity to adjacent rectangular patches and is thus called a C 1 scheme. A corresponding C 0 scheme is also described, which can be joined with positional continuity to adjacent rectangular patches.
The component interpolants of our pentagonal surface patch can be described in terms of a parametric coordinates system ( s , t ) as follows. Let
be a given vector valued function. Then
defines an interpolant which is such that P ( 0 , t ) = F ( 0 , t ) and P ( s , 0 ) = F ( s , 0 ) (1.3)
More generally, The interpolants (1,2) and ( 1 . 4 ) will be used in the construction of the C 0 and C 1 patches respectively. They are derived using Boolean sum blending function theory, a theory suggested by the work of Coons [3] and formalised later by Gordon [5] . Here, the interpolants are [6] , However, in this paper we do not consider such cases.
The Boolean sum Taylor interpolants ( 1 . 2 ) and ( 1 . 4 ) are applied on the pentagon by making an appropriate choice for the parametric coordinate system (s,t). This system is introduced in the following section.
. The Pentagonal Domain
Let Ω be a regular pentagon of height unity and with vertices The variables λ i . are clearly linearly dependent and we have that
where θ -π /10 and sin9 = ( 5 -l ) / 4 . From ( 2 . 1 ) it follows that
We now proceed to construct a local parametric coordinate system Construction of the Local Coordinate System (s i ,t i ) -5- Then it can be shown that
where
The variables (s i ,t i ) define a local coordinate system for the pentagon with the property that s i = constant corresponds to the radial line through R i -2 and E i-2 and t i constant corresponds to the radial line through R i +2 and E i +2 . The singularities due to the rational terms in (2.4) lie well outside the pentagon Ω and for V ∈ Ω we have that
Furthermore, because of the radial construction, E i-2 and E i+2 remain on the boundary of the pentagon ft for all V ∈ Ω .
Remark An alternative local coordinate system to (2,4) is
which gives parameter lines along parallels to the sides and corresponds to that used in [73. However, the points corresponding to (2.3) can now lie outside the pentagon ft for some V ∈ Ω. Also, we have found that (2.4)
gives a better interpretation of the cross boundary derivative which leads to a smoother surface. We thus prefer the system (2.4), although a full description of the pentagonal patch which uses (2.5) can be found in [2] . 
This boundary data will be defined by that of the adjoining rectangular patches. The slope condition is identified with the cross boundary derivative of the rectangular scheme, appropriately signed to be pointing in an inward direction to the side of the pentagon. Likewise the twist condition at each vertex must be appropriately signed. In the domain of the pentagon, the slope condition is interpreted as being defined along the direction of the radial line from R i to E i . 
This function interpolates on the sides λ F i + 2 = 0 and λ i-2 = 0 of the pentagon, that is
The pentagonal patch is now defined by the convex combination
Equation ( it follows that
that is interpolates on the entire boundary of the pentagon.
PF
Finally, it should be noted that the rational weight functions (3.5) are well behaved on Ω, the denominator being always strictly positive
The C 1 Patch. From ( 1 . 4 ) we can define the vector valued function
This function interpolates on the sides λ F i +2 = 0 and λ i-2 = 0 of the pentagon, that is equations (3.3) hold. Furthermore the function interpolates the cross boundary slope conditions on these sides,
Here, the squared terms are introduced in (3.12) in order that are interpreted locally as ∂F/∂s i and ∂F/∂ t i respectively, where F is considered as a function of the local parameters s i and t i (In fact, for slope interpolation, we must have that
although these conditions follow as a consequence of using the rectangular patch d a t a . ) This interpretation of the slopes cannot be made for the final scheme, however, because the magnitudes of the derivatives along the radial lines are determined by a convex combination-Such magnitudes do not affect tangent plane continuity arguraents for vector valued schemes, but they would have to be considered in generalizing the pentagonal scheme for higher order derivative boundary conditions or in adapting the scheme to scalar valued interpolation.
Examples
We have applied the 
where E i = t i -2 V i +2 + s i +2 V i -2 , t i -2 + s i +2 = 1. The first model problem is the corner moulding shown in Fig. 1 .1 of the introduction. Fig. 4.1a shows the boundary curves of the patch system, whilst Fig. 4 .1b shows the patches viewed with the plotting lines described above. 
